An explanation for the observed discrepancy in RhomThe receptor is expressed in the somatic follicle cells, boid function is now suggested by our finding that Spitz which form a columnar epithelium overlying the oocyte, is required in the follicle cells for normal patterning of whereas its ligand, Gurken, is expressed on the surface the egg. Spitz acts as an autocrine amplifier of the initial of the oocyte (Neuman-Silberberg and Schü pbach, paracrine Gurken signal and appears to be regulated by 1996). Gurken is only expressed adjacent to the nucleus, Rhomboid. We also show that the EGFR inhibitor Argos which migrates from its initial position at the posterior splits the EGFR activation profile into two laterally disof the oocyte to the dorsal-anterior. Localized Gurken placed peaks, thereby localizing dorsal appendage forthus activates the receptor first in the posterior follicle mation. This evidence suggests a revised model of dorcells (stages 5-6) and then in the dorsal-anterior follicle sal specification and patterning in which the EGFR is cells (stages 8-9), establishing both the main axes of sequentially activated by Gurken, amplified by Spitz, the egg. Later in development, these axes are relayed to and inhibited by Argos. The interplay between these the embryo (reviewed in Morisato and Anderson, 1995). ligands and the receptor describes an autoregulatory Not only does EGFR signaling in oogenesis specify circuit that accounts for the patterning functions of the the body axes, it also patterns the egg (for review see EGFR. It illustrates how intrinsic regulatory properties Ray and Schü pbach, 1996). There are two dorsal-anteof EGFR signaling can specify complex patterns in derior respiratory appendages, one on each side of the velopment. midline. Their differentiation and position are controlled by the EGFR: they are absent when signaling is blocked Results and can be repositioned by ectopic receptor activation.
For each genotype, females with germline clones (see Experimental Procedures) were mated to balanced males with the same mutation. Because the dominant female sterile mutation ovo D1 was used, all the eggs laid were derived from mutant female germ cells. None of the eggs had visible phenotypes attributable to the germline clones. The eggs were collected, and the proportion fertilized is shown. Mendelian inheritance predicts that 50% of the fertilized eggs would receive the balancer (wild-type) chromosome from the father, and if the eggs were fully viable, these embryos should survive. For each genotype the viability is close to the predicted 50%. In all cases, 100% of the surviving embryos indeed had the marked balancer chromosome and not the mutant one. These results indicate that there is no requirement for Spitz, Argos, or the EGFR in the oocyte itself.
quantified this phenotype by measuring the gap between the dorsal appendages and found that their mean separation was 50 Ϯ 5 m (n ϭ 68) in spitz hypomorphs, compared to 73 Ϯ 6 m (n ϭ 58) in eggs from wild-type mothers; furthermore, in 20% of the mutant eggs the dorsal appendages were fused at the point of attachment, a phenotype never seen in wild-type eggs.
Spitz could be required in the oocyte or in the somatic follicle cells that surround it. To examine this, germline clones of spitz null mutations were generated; in these, the oocyte is mutant but the follicle cells are wild type. Contrary to an earlier report (Mayer and Nü sslein-Volhard, 1988) this causes no defects, either in patterning the egg or in the viability or patterning of the embryos derived from such eggs (Table 1) . We have also confirmed that there is no requirement for the EGFR in the unmarked Minute ϩ spitz null clones in the follicle cells.
(E) When Spitz is completely removed from the follicle cells by inducing mitotic clones, the two dorsal appendages fuse. Genetic Interactions between spitz, rhomboid, vein, and ras1 Strong synergistic genetic interactions between spitz and rhomboid support the idea that they act in the same pathway to pattern the egg. First, the phenotype caused by reducing rhomboid is made more severe by reducing spitz. HS-as-rho flies lay a small proportion of eggs (0.4%, n ϭ 1002) with forked appendages even without heat shock (see also Ruohola-Baker et al., 1993). When the dose of spitz is halved, the proportion of eggs with a ventralized phenotype increases to 8.8% (n ϭ 1253). Second, the phenotype caused by overexpressing rhomboid is suppressed by halving spitz. Ectopic expression of rhomboid in line HS-rho 85b (see Experimental Procedures) causes an increased gap between the dorsal appendages and moves them forward-a typical "dorsalized" phenotype (Noll et al., 1994) . When the dose of spitz is halved this phenotype is strongly suppressed (Figures 3A-3E ). Since spitz heterozygotes have no phenotype in a wild-type background, these interactions suggest that Rhomboid acts in the same pathway as Spitz in the follicle cells (although it does not rule out the possibility that they work in parallel unrelated pathways).
These clones confirm that Spitz is needed in the follicle
Strong genetic interactions between spitz and ras1 mutations were also observed, consistent with Spitz activating the EGFR and subsequently the Ras1/MAP kinase pathway. ras1 ix12a is a viable, hypomorphic allele of ras1 (Schnorr and Berg, 1996) . A small proportion of eggs from ras1 ix12a homozygous females have fused 
Argos Is Required to Position EGFR Activation
The initial expression of argos at the dorsal midline led us to speculate that it might cause a reduction of EGFR signaling near the midline, thereby splitting the single signaling peak into two. The resulting twin peaks of Procedures). Conversely, complete loss of Argos from the oocyte in germline mosaics affects neither egg patterning nor later embryonic development (Table 1) . These data imply that there is a requirement for Argos Spitz contributes to a signaling threshold required to induce argos expression. argos expression is normal in in eggshell patterning and that, as with Spitz, Rhomboid, and the EGFR, this requirement is confined to the follicle eggs from mothers with reduced Ras1 (ras1 Figures 4C and 4D) . Therefore,
Direct Evidence for Twin Peaks of EGFR Activation
We propose that Argos modifies the initial EGFR activathere is indeed a threshold of EGFR signaling required to switch on argos, and both Gurken and Spitz particition profile in the follicle cells, producing twin peaks of activity displaced from the midline (Figure 7 ). These pate in reaching this threshold.
The need for amplification of EGFR signaling medispecify the position of the dorsal appendages. Direct evidence for a transition from one to two peaks of signalated by Spitz/Rhomboid to induce argos expression was also confirmed by examining eggs expressing antisense ing was obtained with an antibody that recognises only the activated, diphosphorylated form of MAP kinase, a rhomboid. Dorsal-anterior argos expression in these eggs is significantly reduced (Figures 4E and 4F 
Discussion activation (arrows). (B) A lateral view of this egg chamber shows that the staining is restricted to the follicle cells adjacent to the anterior of the oocyte (in this view, dorsal is to the left).
We have examined how the activation of the EGF recep- 
Argos. The negative feedback loop mediated by Argos is therefore a versatile way of regulating the EGFR in

Generation of Mitotic Clones
The following chromosomes were generated: P{w 
